OBJECTIVES: Patients undergoing coronary bypass grafting (CABG) are at higher risk if they suffer from atrial fibrillation (AF). It was suggested that performing CABG without the use of cardiopulmonary bypass (off-pump) would reduce perioperative risk. We assessed the influence of preoperative AF on outcome in a randomized cohort of patients above the age of 75 undergoing either on-pump or off-pump CABG.
INTRODUCTION
There is an on-going debate about the potential benefits and shortcomings of coronary bypass grafting (CABG) without extracorporeal circulation (off-pump CABG). Prospective, randomized trials [1, 2] or meta analyses [3, 4] could not prove a benefit of off-pump CABG, while several single-centre and retrospective analyses suggest a benefit of off-pump CABG in patients with higher risk [5, 6] . The primary outcomes report of the German Off-Pump Coronary Artery Bypass grafting in the Elderly (GOPCABE) trial also demonstrated no benefit for off-pump surgery in a patient population above 75 years of age [7] . The rationale of trial design was that older patients are at higher risk. However, the final outcome demonstrated that the patients' perioperative risk in this study was only moderately elevated with an average logistic EuroSCORE of 8.3%.
Atrial fibrillation is considered a significant risk factor if patients present with it preoperatively. Although these patients are in general characterized by a higher preoperative risk profile, the presence of preoperative AF has been reported as an independent predictor of mortality [8] and morbidity [9, 10] . Attaran et al. [11] have shown that off-pump surgery yielded similar short-term results in patients with sinus rhythm (SR) and AF, while on-pump surgery led to worse results in AF patients compared with those with SR. If off-pump surgery is advantageous in 'higher risk' patients, then possibly off-pump CABG would demonstrate a benefit in the patients presenting with preoperative AF.
We therefore analysed in the GOPCABE randomized patient population, whether surgical risk in patients presenting with AF undergoing coronary surgery would be affected by performing the procedure off pump.
MATERIALS AND METHODS
The GOPCABE study was a randomized, controlled multicentre trial conducted at 12 German institutions (Table 1) . In brief, the study design included patients scheduled for isolated, first-time CABG, which were eligible if they were at least 75 years of age [7] . Randomization was performed after the baseline patient data including the target vessels had been entered into a central, internet-based, password-protected database using a mask.
Off-pump CABG was routinely performed at all participating centres before the trial was established. Participating centres nominated study surgeons for each surgical technique. Study surgeons were required to exhibit maximal expertise in on-pump or off-pump CABG, respectively. In both groups, the technical details were left to the discretion of the operating surgeon. Planned surgical ablation procedures for AF were an exclusion criterion, because the study was planned to include only pure bypass surgery. Occlusion or removal of the LAA was not systemically documented, but if a patient would have been admitted with a thrombus in the LAA, it would have been a case of 'planned surgery on-pump' and therefore an exclusion criterion.
AF was registered at admission and at discharge, but not between those time points. Therefore, the percentage of patients experiencing short-term AF during their hospital stay is not known.
Statistical analysis
For this subgroup analysis, we created four groups of patients based on the original publication's data set [7] : SR, on-pump/offpump; and atrial fibrillation (AF), on-pump/off-pump ( Table 2 ). The statistical analysis was performed on an intention-to-treat basis. In addition, the continuity-corrected χ 2 test was used for comparison of the primary end-point (major adverse cardiac and cerebral events). Mantel-Haenszel χ 2 tests were used to adjust for study centre effects. Baseline characteristics and secondary outcomes were compared with the χ 2 test, t-test or Kruskal-Wallis test as appropriate. Dichotomous data are presented as number and percentage. Continuous data are shown as mean or median and standard deviation. Adjustments for multiple testing were not carried out. All statistical analyses were performed with the SPSS software (IBM SPSS Statistics, version 20.0). Table 2 shows the demographic data of all GOPCABE patients separated into patients with or without preoperative AF and then randomized to either on-or off-pump surgery. The age and gender distribution was similar in all groups. However, patients with AF had significantly worse New York Heart Association classification, worse ejection fraction and more pulmonary hypertension, all accepted risk factors for perioperative mortality. There was no difference if the SR or AF patients were compared by the type of surgery (on-or off-pump), except that the AF off-pump group had the highest incidence of renal failure and more pulmonary hypertension. Table 3 shows intra-and perioperative data of the GOPCABE patients in the same four groups as in Table 2 . The duration of the surgical procedure as well as the number of grafts performed was identical in all four groups. Even hospital stay was similar in all patients except again in the AF off-pump group, where it was longest. This group was already characterized by the higher incidence of renal failure and had more pulmonary hypertension. Table 4 shows perioperative morbidity and mortality. In patients with SR before surgery, the rate of new-onset AF at the time of hospital discharge was similar after on-pump surgery (5%) and off-pump surgery (5%). It was observed that 90% of on-pump patients with SR before surgery and 92% of off-pump patients left the hospital in SR. Interestingly, nearly half of all patients with AF before surgery left the hospital in SR. Off-pump or on-pump surgery in patients with AF yielded clinically worse results than in patients with SR: the combined end-point (death, infarction, stroke, dialysis, revascularization) occurred more frequently (P = 0.008) in AF patients (10% after on-pump surgery, 16% after off-pump surgery) than in SR patients (8% after on-pump surgery, 7% after off-pump surgery). The 30-day mortality rate was significantly (P = 0.003) higher in AF patients (8% after off-pump surgery vs 4% after on-pump surgery) than in SR patients (2% after off-pump surgery vs 3% after on-pump surgery).
RESULTS

DISCUSSION
We demonstrate in this study that preoperative AF is a significant risk factor for elderly patients undergoing CABG. Moreover, we 
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A. Böning et al. / European Journal of Cardio-Thoracic Surgeryalso show in a randomized patient population that this effect is not altered by performing bypass grafting off-pump. Our findings provide important evidence from a randomized patient population for a question that has been discussed controversially in the past [9, 10] . Preoperative AF has been documented as an independent risk factor [12, 13] . Our data are in agreement with these reports. However, the impact on postoperative mortality is currently not clear. Banach et al. [10] and Quader et al. [13] found AF to be a risk factor for postoperative mortality, while Ngaage et al. [9] demonstrated similar hospital mortality rates in 526 aortic valve patients with or without AF. Our data are characterized by a higher average mortality. It is likely that the higher patient age in our study (due to study design) is responsible for this difference. Thus, one may speculate that AF may be a greater risk factor in older patients than in younger ones.
Our data also demonstrate that mortality in this patient population is more influenced by preoperative risk factors than by the operative technique used for revascularization. This is an important finding because it addresses the question why patients die in the context of revascularization. For instance, the SYNTAX trial demonstrated lower (yet not statistically significant) 30-day mortality in the surgical compared with the interventional group in a relatively high-risk patient population with triple-vessel disease [14] . Based on these findings, the perception of the dangers of an operation or intervention may have to be reconsidered. Our report clearly demonstrates that preoperative AF is a risk factor for mortality. It is important to distinguish this entity of patients from those developing perioperative AF, which has also been demonstrated to be a potentially considerable risk factor [15, 16] . Perioperative AF assessment was not part of this trial design and we cannot address the role of perioperative AF in the context of perioperative mortality from our patient population. However, it is interesting to note that a good fraction of patients presenting with AF left the hospital in SR, despite the absence of ablation procedures. These data may allow for speculations on an ischaemic origin of AF. In addition, another 5% of patients left the hospital with AF although having presented in SR. This observation is a known scenario in the cardiac surgical patient population. The current data do not support a difference in this occurrence between on-and off-pump patients.
It seems to be evident from the data that the higher preoperative risk profile in AF patients translates into a higher mortality after surgery. It is interesting to note, in this context, that the AF patients undergoing off-pump surgery in our trial had the highest risk compared with the other groups ( Table 2 ). This risk is mainly reflected in a greater incidence of renal failure, pulmonary hypertension and diabetes mellitus. AF patients in the off-pump group subsequently spent more days in the ICU and in the hospital than AF on-pump patients (Table 3) , and also had the highest mortality rate. This mortality rate could not be related to the operative technique but may just be explained by the higher risk profile of this relatively small subgroup. However, this finding argues that, in this high-risk subset, off pump does not provide a benefit over on pump.
Another result of this German trial requires mentioning: Hospital stay was comparatively long, specifically in the SR patients with low perioperative risk. However, it is most likely that these durations were influenced significantly by the German DRG system that punishes early discharges by limiting reimbursement. It is interesting that the average hospital stay of 11 days more or less reflects the German DRG's average value for 'expected hospital stay'. Thus, it would not seem to be appropriate to use average hospital stay as an outcome parameter for comparison with a study not performed in Germany. However, the numbers support the findings that the operative technique does not seem to play a major role and also support the conclusion that patients with highest risk (AF off pump) stay in the hospital the longest.
Limitations
Because the original GOPCABE study was designed to find out differences between on-and off-pump surgery, subgroup analyses after termination of data analyses ( post hoc analyses) are always arbitrary, involuntarily leading to differences in known and unknown independent parameters. Because of these unknown parameters, we cannot assume structural identity between the groups. Unfortunately, the CHADS-Vasc Score could not be calculated, because we did not have the full data required for the calculation in our patients' baseline data set. The same applies for the parameters AF duration and persistence.
Another important limitation is the already addressed lack of data regarding intermittent perioperative AF because we did not collect those data for the original GOPCABE study. However, it is important to distinguish between these two entities. In this report, we focused on the role of preoperative AF as a risk factor in onand off-pump patients.
CONCLUSION
We demonstrate in this study that preoperative AF is a significant risk factor for elderly patients undergoing CABG. Moreover, we also show in a randomized patient population that this effect is not altered by performing bypass grafting off pump.
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